Densities r of pure CO2, CH4, and {(1−x)CO2+xCH4}, {(1−x)CO2+xN2}, and {(1−x)CH4+xN2} were measured at the pressures (9.94, 19.94, 29.94, 39.94, 59.93, 79.93, and 99.93) MPa and temperatures (323.15, 373.15, 473.15, and 573.15 
Introduction
The gases CO 2 , CH 4 , and N 2 are key volatile constituents of the earth, and are either consumed or produced in a wide variety of commercial enterprises.
a To whom correspondence should be addressed.
0021-9614/96/050521+18 $18.00/0 7 1996 Academic Press Limited Consequently, thermochemical data for these gases and their mixtures have numerous applications in geoscience research, fossil fuel industries, and supercritical fluid technologies. Thus, it is significant that volumetric information for (carbon dioxide+methane), (carbon dioxide+nitrogen), and (methane+nitrogen) is scarce, particularly at elevated pressures and temperatures. In this study, we present densities r for pure CO 2 and CH 4 , and {(1−x)CO 2 +xCH 4 }, {(1−x)CO 2 +xN 2 }, and {(1−x)CH 4 +xN 2 }, and excess molar volumes V E m for the mixtures at the pressures p= (9.94, 19.94 
Experimental
A custom-designed vibrating-tube densimeter was used to measure the densities of the pure fluids and fluid mixtures at 10E(p/MPa)E100 and 323E(T/K)E573. The experimental apparatus and techniques are described elsewhere.
(1) Measurements on pure fluids were obtained under isobaric, isothermal, no-flow conditions. For fluid mixtures, an isobaric, isothermal flow-through method was employed to obtain a statistically significant number of measurements (from 100 to 400) for the period of vibration t at each (p,T,x) condition. This procedure eliminated the effects of random noise caused by slight compositional heterogeneity (x 0.005) in the mixtures as they flowed through the vibrating tube. High-accuracy (20.05 per cent) positive-displacement pumps (1) were used to meter the gases to the vibrating tube. Gas mixtures were formed by flowing pure gases into T-junctions on the upstream side of the vibrating tube. During each experimental session, three well-characterized standard gases (He, N 2 , and Ar) were used to calibrate the response of the vibrating tube. Figure 1 illustrates the linear relationship between the square of the measured period of vibration t 2 and density r for the three standard gases. The densities of He and N 2 were calculated from the equation of state of Friend;
(2) the density of Ar was obtained from the equation of state developed by Stewart and Jacobsen. (3) Calibration of the instrument using three (rather than two) standard gases over a broad range of densities verified that the response of the vibrating tube was linear. Analysis of our results at all (p,T ) conditions indicated that the root mean square of the deviation dr between the calculated density for a standard fluid and the density determined by reference to the regressed line was 6·10 −5 g·cm −3 with dr max =2·10 −4 g·cm −3 and 
Results
Densities r for pure CO 2 and CH 4 are listed in table 1. Agreement between our results for CO 2 and the equations of state (2, 4) is excellent, except near the critical point (2, 5) are generally greater than can be accounted for by the uncertainties in the experimental results and the equations of state. The cause of these discrepancies is unknown; however, prior to the present study, few results for CH 4 had been collected at elevated pressures and temperatures.
Densities and excess molar volumes for {(1−x)CO 2 + x(CH 4 )}, {(1−x)CO 2 + x(N 2 )}, and {(1−x)CH 4 + x(N 2 )} are given in tables 2, 3, and 4, respectively. Because the volumetric properties for the end members and mixtures were determined during the same experimental runs, V Reamer et al.
0.7 to 68.9 311 to 511 0.08 to 0.67 560 Smoothed results Tong and Liu ; (12) q, (0.48CO2+0.52CH4) at the temperature 1320 K from Esper et al.; (11) and R, (0.50CO2+0.50CH4) at T=323.15 K from this study.
Comparison with other results
The volumetric properties of (carbon dioxide+methane), (7) (8) (9) (10) (11) (12) (carbon dioxide+ nitrogen), (10, 11, (13) (14) (15) (16) (17) (18) (19) and (methane+nitrogen) (20) (21) (22) (23) (24) (25) have been measured previously (see table 5 ), but generally at lower pressures and temperatures than in the present study. Previous investigators have reported their experimental results in a wide variety of ways (as V m , V E m , compressibility factors, and pseudoisochores). To facilitate direct comparison of the results from these various studies, we have used the original values from the earlier studies to calculate V E m . The equation of state of Friend (2) was used to calculate the ideal volume of mixtures if experimental results for the end members were not reported. Because our experiments do not duplicate the exact (p,T,x) conditions of those in any previous study, only semi-quantitative comparisons with the literature can be made.
In figure 6 , V
